As an important part of s mart grid, microgrid(M G) is a new form of s mart grid in the future. Microgrid(MG) technology can effectively integrate the advantages of new energy and renewable energy generation and provide a novel way for large-scale applicat ions of new energy and renewable energy connecting to grid. This paper deals with the problem o f economic operation of microsources in the microgrid, such as micro -turbine(MT), fuel cell(FC), diesel generator(DG), photovoltaic cell(PV), wind turbine(WT), and battery storage. The proposed problem is formulated as a nonlinear constrained optimization problem. The paper takes into consideration the operation cost as well as the emission reduction of NO x , SO 2 , and CO 2 . So a mathematical optimal model is built to optimize operation of microgrid(M G) system, based on the characteristics of various microsources, the restraint of microgrid system and the predicting output of the next 24-hours' wind turbine and photovoltaic cell and load demand. An improved particle swarm algorith m is emp loyed to minimu m the co mprehensive benefit cost of microgrid operation including economic and environmental benefits which realizes the mu lti-objective optimization operation. Besides, this paper focuses on the effect of electricity price between microgrid and the main grid on system operation costs. The results demonstrate the efficiency of the proposed approach to satisfy the load and to reduce the operation cost and the emissions.
Introduction
Microgrid is an organic system which consists of loads, microsources( i.e. d istributed generation in microgrid, such as photovoltaic power generation, wind power generation, micro-turbines, fuel cell and so on), and energy storage [1] [2] [3] [4] . As an impo rtant part of Smart Grid, Microgrid has important function on the aspects of grid support, quakeproof, energy efficiency improvement, energy saving and consumption reducing, rural electrificat ion and so on [5] . It is a new form o f Smart Grid in the future . At present microgrid scheduling or called microgrid economic operation, is to min imu m the operation cost of the microgrid system. The optimal operation problem o f microgrid was discussed in [6] . It builds different distributed energy steady state model and then established the centralized control mode of the microgrid optimization scheduling model. So me established microgrid system economic operation optimization model including sodium sulfur battery energy storage in [7] . It verified the rationality of the model and an important role which application of energy storage technology plays in the microgrid. Research of a CCHP system consisting of gas turbine and batteries was carried out in [8] , and got the conclusion CCHP system with storage functions had obvious advantages, and the efficiency of the system decreased gradually with th e reduce of load, however problems of operating cost were not considered. On the basis of small d istributed power generation system, a microgrid scheduling strategy is put forward, with using the improved genetic algorith m to solve th economic dispatch problem and the simulation results verify the feasibility of the established model. Marnay et al. [9] using Berkeley Lab's distributed energy resources customeradoption model, optimised electrical and thermal storage charge scheduling to maximise benefits owing to the energy pricing differences between on-peak and offpeak periods. This paper deals with the problem o f economic operation o f microsources in the microgrid, such as micro-turbine(MT), fuel cell(FC), d iesel generator(DG), photovoltaic cell(PV), wind turbine(WT), and battery storage. The paper takes into consideration the operation cost as well as the emission reduction of NO x , SO 2 , and CO 2 . So a mathematical optimal model is built to optimize operation of microgrid(M G) system, based on the characteristics of various microsources, the restraint of microgrid system and the predicting output of the next 24-hours' wind turbine and photovoltaic cell and load demand. An improved particle swarm algorith m is emp loyed to minimu m the co mprehensive benefit cost of microgrid operation including economic and environmental benefits which realizes the mu lti-objective optimization operation. The results demonstrate the efficiency of the proposed approach to satisfy the load and to reduce the operation cost and the emissions.
Mathematical Model of Microgrid
Optimization Operation
Objective Function
The object of Microgrid optimization operation is to minimize the objective cost of Microgrid through adjusting the output of the power grid and microsources. Objective functions in common use are as follows: (1) 
where: 2 E is the cost of pollutant treatment of Microgrid； j  is the unit price of the treat ment of the j-Th pollutant， the types of pollutants include: 
where: 3 E is the comprehensive benefit of M icrogrid system.
Constraint Conditions
(1) Power balance constraint
where:
respectively load, energy loss, the output of microturbine(MT), fuel cell(FC), d iesel generator(DG), photovoltaic cell(PV), wind turbine(WT), and the interactive power between Microgrid and the main grid at the time of t.
(2) Output of microsources constraint
is respectively the upper and lower limits of the active power output of i -Th microsource. 
P is respectively the maximu m and minimu m charge and discharge power; equation (10) shows that in a dispatching period the energy storage are equal;
 represents a time interval; init S represents the initial capacity of the cell; max
Soc and min
Soc is respectively the maximu m and minimum battery remaining capacity.
Power Characteristic of Microsources
The operation costs of microsources mainly include: fuel costs, operation and maintenance costs. Operation and maintenance costs can be considered that its output is proportional to the power ,that is: (3) the costs of fuel for fuel cells and micro -turbines have a great deal to do with work efficiency, which can be represented by the formula:
Where C is for the price of natural gas , L is fo r natural gas low chattering value taken as 
An Improved Particle Swarm Algorithm

Improvement on the Particle Swarm Algorithm
For the study of the problem, this paper imp roved particle swarm Algorith m. When Microgrid is under the grid connected operation, this paper first sets the interactive transmission power between direct transmission line o f Mcrio Grid and the main grid as the output of a balanced units, to make the output of other units generated randomly within the output constraints, and obtain the output of balanced unit based on equality constraints (1-6). The output of the balanced units may be less than min g P or greater than max g P , wh ich are taken to its limit. Then the processing method of the penalty function is used to calculate the deviation between the sum of output and loss of all units and the load, wh ich is included to the objective function in the form of a penalty function, namely 2 1 min ' = + ( )
where:  is for penalty factor; i l is for the treated equation constraints condition (6) . As the setting of min g P and max g P changes with the changes of control strategy,and assuming the Microgrid has a free two-way exchange of power with the main grid, its values are respectively20kW and 115kW, and the balanced unit is set to the DS when Microgrid is under island running.
Algorithm steps
(1) Input the parameters of the unit and the loads; input the parameters of particle swarm algorithm. (2) Select control strategy. Initialize data in accordance with the selected control strategy. Set upper and lower limits of the power at transmission line. The number of iterat ions k = 0; when producing each particle, D-1-d imensional variable is initialized in the output range.D-dimensional variables are obtained through the constraints of (1-6), or taken as its boundary value when it is out-off-limit.when generating N particles, each part icle's position corresponds to the values of a set of optimized variables as initialization particle swarm. And random initialize flight speed of each particle. (3) Evaluate of each particle's fitness; after the second step treatment, some particles wh ich are not met (1) (2) (3) (4) (5) (6) ,are included in the objective function in the form of the penalty function. 
Algorithm Example
Algorithm Example System
Types of microresources in this algorithm examp le include PV, WT, DS, MT, FC and BT. Microresources parameters are shown in Table 1 . Photovoltaic and wind turbine forecast output data and load data are shown in Figure 1 and Figure 2 . The coefficient of pollutant treatment and cost parameters are shown in Table 1 . Table 1 
Result and Discussion
This paper emp loys Matlab 7.6 to program, take the Microgrid system above for examp le, to test the performance of the algorith m. Take 1d as computing period , and div ide the whole day into 21 time periods, with1h as a computing session. The related parameters of PSO are as fo llo ws: part icle population size is 20, the maximu m nu mber o f iterations is 200, c1 is 1.2, c2 is 2.8. Power purchase price of electricity and the sale price o f electricity are both taken as 0.07 $. Battery is neither charged nor discharged,as a backup power due to the support of the main grid when under the connected running.
The opti mization results of the highest goal of comprehensive benefits
The comprehensive benefits of the highest goal of the optimization results is shown in Figure 4 , and the FC costs least, followed by the MT, then the grid. Figure 3 The optimization results of the highest goal of comprehensive benefits The algorith m calculates that the running cost is 130.5017$, when the co mprehensive benefits reach the highest. In this case, the output of DS is always zero due to the higher cost of electricity and pollutant emissions.
4.2.2
The different types of electricity price
The division of peak-to-valley period generally consists of the peak period, flat period and valley period. The peak period is fro m 12:00 to 11:00 and 18:00 to 21:00 ;the flat period is fro m 6:00 to 11:00,15:00 to 17:00 and 22:00, the valley period is fro m 01:00 to 05:00 and 23:00 to 21:00. The electricity price during the three periods are respectively 0.09 $, 0.06 $ and 0.03 $. The average price is taken as 0.07 $. The co mprehensive optimization objective results is shown in Figure 4 . The running costs are respectively 130.7358$ and 120.6707$. During flat period and valley period, the power generation costs of several microsources are higher than the corresponding period grid electricity price, so the main grid takes the priority to generate power.But during peak period, the cost of power generation of FC and MT are lower than the corresponding period grid electricity price, so FC and MT are at full use, and the unsatisfying part is complemented by the main grid. As can be seen, it is more economical to employ the peak-valley electricity price than emp loy the average electricity price fo r the Microgrid and the main grid.
